Abstract: A new injectable biomimetic composite cement composed of nano-hydroxyapatite (n-HA) and polyamide 66 (polyhexamethylene adipamide) has been developed. This study investigated that in vitro biomechanical performances of three n-HA/PA composite cements in the augmentation of osteoporotic cancellous bone were different in various n-HA content to evaluate the clinical applicability. The thoracic vertebrae and femoral condyles of five osteoporotic and one normal cadaver were utilized to divide into five groups: 60wt%, 70wt%, 80wt%, the osteoporotic and the normal groups. The thoracic vertebrae performed by vertebroplasty were loaded in compression until 75 percent of vertebral height. The cancellous bone specimens made of femoral condyles were applied to torsional testing. Biomechanical testing showed the compressive and torsional performances in the groups injected with 60%, 70% and 80% n -HA/PA composite cement increased markedly than that in osteoporosis. Some of the mechanical parameters were close to normal cancellous bone, in particular, 70% group in compressive properties and 60% group in torsional properties. This study demonstrated that the injectable n-HA/PA composite cement was capable of strengthening the compressive and torsional properties of osteoporotic cancellous bone and suggested that 60% and 70% cement might be competent materials in the treatment and prophylaxis of osteoporotic fracture.
Introduction
Calcium phosphates such as synthetic bone substitutes have proved beneficial in orthopaedics in recent years. With the development of non-invasive approaches such as percutaneous surgery, directly injectable biomaterials will be needed. Percutaneous vertebroplasty -cement augmentation of vertebral bodies -is an efficient procedure for the treatment of painful vertebral fractures in osteoporosis.
A new injectable biomimetic composite cement composed of n a n o -h y d r o x y a p a t i t e ( n -H A ) a n d p o l y a m i d e 6 6 (polyhexamethylene adipamide, PA66) has been developed, in which n-HA crystals are similar to bone apatite and PA66 has carboxyl and amide group like collagen. Therefore, This composite is provided with the bioactivity of HA and the mechanical property of PA66. Powders of n-HA/PA66 composite are incorporated at metallic alcohol solution so that the material was easily injectable. The material should set in about 20 minutes without temperature change. According to our previous study, the compressive strength of n-HA/PA66 composite with a n-HA content of 48 wt%, 64 wt% and 70 wt% were 40MPa, 53MPa and 40Mpa respectively 1, 2) . This study investigated in vitro the biomechanical performances of three n-HA/PA composite cements in the augmentation of osteoporotic cancellous bone were different in various n-HA content to evaluate the clinical applicability.
Materials and Methods
The thoracic vertebrae and femoral condyles of five osteoporotic and one normal cadaver were utilized to divide into five groups: 60wt%, 70wt%, 80wt%, the osteoporotic and the normal groups.
Compression Testing. The thoracic vertebrae performed by vertebroplasty were loaded in compression until 75 percent of vertebral height. These tests were conducted using an Instron 8874 universal testing machine provided at a cross-head speed of 5 mm/min ( Figure 1 ). Torsional Testing. The condyles of the femur were injected compressively with n-HA/PA66 cement, then were placed at room temperature until the cement got setting about 12 hours. The c o n d y l e s i n j e c t e d c e m e n t w e r e c u t i n t o a b o u t 10mmx10mmx30mm bars in size. The both ends of bars were embedded with polymethylmethacrylate for a stable fixation in a standardized fixture. The specimens were mounted in an Instron Testing Machine and a 35° external angular displacement was applied for one cycles at 0.3 deg/sec (Figure 2 ).
Results and Discussion
Biomechanical testing showed the compressive and torsional performances in the groups injected with 60%, 70% and 80% n-HA/PA composite cement increased markedly than that in osteoporosis. Some of the mechanical parameters were close to normal cancellous bone, in particular, 70% group in compressive properties and 60% group in torsional properties (Table 1-2, Figure 3-4) .
A desirable biomaterial for repairing osteoporotic fractures should be able to bear the weight in the early stage after fracture, as well as conducing to osseointegration and improving the quality of bone microstructure in the late. Nanoscale HA has a higher solubility, surface energy, ion exchange capability and polarization, differs greatly from micron HA in chemical and physical properties. Bai et al 3) found that common PMMA and CPC were able to augment the vertebral strength and could been used prophylactically to prevent fracture of the osteoporotic vertebral bodies. Some research 4) shows that a smaller size of hydroxyapatite will result in a higher mechanical strength.
In present study, the compressive yield strength and ultimate strength for cement-injected vertebrae significantly increased as compared with the osteoporotic vertebrae (1591.00N and 1591.00N). Especially, the yield strength and ultimate strength of 70% group were up to 2080.14N and 3927.07N, respectively 81.33% and 88.4% as compared with normal group. This proved this cement could increase the stiffness of osteoporotic vertebrae to prevent collapse of vertebral bodies. In the torsional testing, torsional strength in the groups injected with 60%, 70% and 80% n-HA/PA composite cement and osteoporotic group for femoral condyles were 85.24%,62.52%,28.43% and 26.74% respectively as compared with normal group. This result showed the cement might improve the capability of cancellous bone in torsional properties, especially the 60% group whose polyamide 66 content was the highest of the cement groups. Table 1 . Compressive mechanical properties in various vertebral groups** **The values was expressed as mean SD( x s) of each group. *The groups with cement injection showed significant difference compared with OP group (p<0.05).
ϒ⎠
The groups with cement injection showed significant difference compared with N group (p<0.05). This study demonstrated that the injectable n-HA/PA composite cement was capable of strengthening the compressive and torsional properties of osteoporotic cancellous bone and suggested that 60% and 70% cement might be competent materials in the treatment and prophylaxis of osteoporotic fracture.
